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(54) Title: APPARATUS AND METHOD FOR CONTROLLING A PUMP SYSTEM 
(57) Abstract 

A controller (10) for controlling operating parameters associated 
with fluid flow, speed or pressure for a centrifugal pump (40) for puinping 
fluid, wherein at least one sensor (1-6) is coupled to the pump (40) 
for generating a signal indicative of a sensed operating condition. The 
controller (10) comprises a storage device for storing data indicative 
of at least one operating condition and a processor in communication 
with the sensor and operative to perform an algorithm utilizing the at 
least one sensor signal and the stored data indicative of the at least one 
operating condition to generate a control signal, wherein the control signal 
is indicative of a correction factor to be applied to the pump. 
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APPARATUS AND METHOD FOR CONTROLLING A PUMP SYSTEM 

FIELD OF THE INVENTION 

This invention relates generally to control systems, and more particularly to a controller for 
5 controlling flow, speed, pressure or performance of a pumping system. 

BACKGROUND OF THE INVENTION 

A typical centrifugal pump of the prior art comprises an impeller, rotatably mounted in a 
stationary casing with the rotating impeller imparting pressure and kinetic energy to the fluid 

10 being pumped, and the stationary casing guiding the fluid to and from the impeller. In a typical 
centrifugal pump casing, which generally includes concentric, diffusor and volute type 
centrifugal casings, the rotation of the impeller imparts kinetic energy to the fluid and causes 
fluid flow, in a generally circular direction about the perimeter of the impeller, through the 
casing surrounding the impeller. At some point in the casing, the fluid flows from the perimeter 

IS of the impeller, passes a cut- water or the like through an area of the pump generally known as the 
discharge inlet area and through the discharge nozzle to the pump discharge. 

The fluid flow can be affected by the design of the impeller, the design and size of the 
casing, the speed at which the impeller rotates, and design and size of the pump inlf t and outlet, 
quality and finish of the components, presence of a casing volute and the like. In order to control 

20 fluid flow, variable frequency devices have been used to adjust the motor speed of the pump so 
as to regulate the flow within the pump system. It is to be noted that, as used herein, variable 
frequency drives are to include adjustable frequency drives (AFDs), Variable Speed Controllers 
(VSCs) or something similar, which operate to control electronic motor speed. 
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10 



Pump speed and pressure represent important pumping system parameters, in addition to 
flow, which can cause the pump to operate at less than its most efficient level. Even more 
disadvantageousiy, less than optimal operating parameters may cause the pump and motor to 
work harder and thus wear out quicker, thereby shortening the pump's operational lifetime. 
According, it is highly desirable to provide a computer-controlled variable frequency device 
(VFD) controller which utilizes computer algorithms and sensor inputs to control flow, speed, 
pressure and performance of a pumping system by monitoring motor, pump and system 
parameters and controlling pump output via speed variations. It is also advantageous to obtain a 
controller operative to identify and report pump or system anomalies to a technician, to facilitate 
investigation and correction of any abnormalities before any serious damage to the pumping unit 



occurs. 



or 



SUMMARY O F THE INVENTION 

A controller for controlling operating parameters associated with fluid flow, speed ( 

15 pressure for a centrifugal pump for pumping fluid, wherein at least one sensor is coupled to the 
pump for generating a signal indicative of a sensed operating condition. The controller 
comprises a storage device for storing data indicative of at least one operating condition and a 
microprocessor in communication wiih the sensor and operative to perform an algorithm 
utilizing the at least one sensor signal and the stored data indicative of the at least one operating 

20 condition to generate a control signal, wherein the control signal is indicative of a correction 
factor to be applied to the pump. 

There is also disclosed a method for automatically controlling operating parameters 
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associated with a centrifugal pump according to an algorithm for pumping tluid to a discharge 
outlet, comprising the steps of storing in memory data values corresponding to predetermined 
operating conditions, obtaining sensor measurements indicative of current operating conditions, 
utilizing the sensor measurements and the stored data values to determine calculated data values 
5 corresponding to the current pump operating conditions, and comparing the calculated data 

values with the stored data values and generating a control signal indicative of a correction factor 
to be applied to the pump when the calculated data values differ from the stored data values by a 
predetermined amount. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of the pumping system and controller according to the present 
invention. 

Figure 2 is a block diagram illustrating the microprocessor and storage associated with 
the controller for controlling the pimiping system according to the present invention. 
1 5 Figure 3 A is a functional block diagram of the program controller modules operative for 

controlling the pimiping system according to the present invention. 

Figure 3B is an exemplary illustration of the pump data required for the program 
calculations of the controller. 

Figure 3C is an illustration of the site specific data required for the calculations required 

20 for the controller. 

Figure 3D is a more detailed block diagram of Figure 3 A illustrating the major functional 
components associated with the controller according to the present invention. 

3 
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Figure 4A is a biock diagram illustrating the inputs and outputs for detennining the 
capacity of the pumping system. 

Figure 4B represents a flow chart depicting the steps involved in obtaining the flow 
calculation associated with the controller according to the present invention. 
5 Figure 5 A is a flow chart depicting the TDH logic module associated with the controller. 

Figure 5B is a flow chart depicting the NPSH logic module associated with the controller. 
Figure 6 is a flow chart depicting the capacity logic module associated with the 
controller. 

Figure 7 is a flow chart depicting the pressure logic module associated with the 
10 controller. 

Figure 8 is a flow chart depicting the low flow logic module associated with the 
controller. 

Figure 9 is a flow chart depicting the wire-to-water efficiency logic flow module 
associated with the controller. 

15 Figure 10 represents a data table of stored information comprising data values of water 

specific gravity v. temperature. 

Figure 11 representsadata table of stored information comprising water vapor pressure V. 
pressure data. 

Figure 12 represents a data table of stored information comprising pump pressure v. flow 
20 data at four different pump speeds. 

Figure 13 represents a data table of stored infonnation comprising pump performance 
data at four different pump speeds. 



BNSDOCID: <WO___oo57063Al,L> 



_ wo 00/57063 



PCT/US99/28935 



Figure 14 represents a data table of stored information comprising pump NPSHr data at 
four different pump speeds. 

Figure 15 is a block diagram depicting the functioning of the variable speed control 
module associated with the controller. 
5 Figure 16 is a detailed block diagram depicting the major functional software programs 

associated with the controller coupled to separate alarm monitor devices according to the present 
invention. 



DETAILED DESCRIPTION OF THE INVENTION 

10 Referring now to Figure 1, there is shown a controller 10 coupled to a pumping system 20 

comprising a motor 30 operative for powering centrifugal pirnip 40. Such a centrifugal pump is 
depicted in U.S. Patent 5,129^64 entitled CENTRIFUGAL PUMP WITH FLOW 
MEASUREMENT, issued July 14, 1992 and incorporated herein by reference. Note that when 
referring to the drawings, like reference numerals are used to indicate like parts. The controller, 

15 or variable/adjustable frequency device (VFD) 10, operates to control flow, speed or pressure of 
the pimiping system by monitoring motor, pump and system parameters and controlling pimip 
output via speed variation and identifying and reporting pump system problems. (Note that flow 
measurements may be obtained using conventional flow measuring devices such as ventures, 
orifice plates, mag meters and the like, as well as by the technique outlined in U.S. Patent No. 

20 5,129,264.) Note further that the novel controller according to the present invention may be 
embedded within the VFD or may be externally connected between a VFD and the pumping 
system. More particularly, as will be described in more detail, the microprocessor containing the 

5 
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executable software code for controlling the motor speed may reside physically within the VFD 
or external to the VFD. The latter implementation permits control for use with virtually any type 
of VFD devices. 

As shown in Figure 1 , sensors 1 - 6 are coupled to the pumping system 20 and are 
operative for sensing various operating conditions associated with the pump and inputting these 
values to controller 10 via communication line 22. Figure 2 shows a more detailed illustration of 
the controller 10 connected to the pump system 20. The controller comprises a processor 12 
such as a microprocessor operative to perform software functions which utilize the sensor signals 
or sensor data obtained from each of the pump sensors to determine the pump operating 
conditions. The microprocessor 12 may be a large scale integrated (LSI) or VLSI integrated 
circuit controlled by software programs allowing operation of arithmetic calculations, logic and 
I/O operations. Other processors, including digital signal processors (DSPs) are also 
contemplated. Memory storage device or data base 14 such as a random access memory. (RAM) 
or other addressable memory is included within the controller for storing data values and tables 
associated with pump operating conditions and parameters. The microprocessor controller 12 
receives the sensor signal data and processes the input data along with stored table data in 
memory 14. The microprocessor performs this processing by activating software programs 
which respond to the sensor inputs, as well as to pre-stored data parameters tp perform a myriad 
of arithmetic calculations for comparison with threshold values. The software programs may be 
20 resident in microprocessor memory locations. Based on the results of those calculations and the 
comparison with threshold values, the software functions to generate an alarm signal indicative 
of an alann condition associated with a particular operating parameter(s), and/or generates a 



15 
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signal for input to the pumping system to alter the current motor speed to correct for an abnormal 
operating condition when the difference between the calculated and stored parameter values 
exceed a predetermined numeric value. The controller operates to generate a control signal to 
VFD logic within the VFD/controller 10 indicative of a request to reduce or increase motor speed 
in order to correct for detected abnormal condition. The VFD then generates a signal to the 
motor 30 corresponding to a change in voltage and/or frequency to cause the speed of the motor 
to change in an amount proportional to the controller generated control signal. The controller 
may also operate to generate a second output control signal 19 to an alami monitor 23 indicative 
of a detected abnormality in order to alert a technician of the detected condition so as to allow 
him to investigate and/or adjust certain parameters associated with the operating conditions. 

As shown in Figure 1, a plurality of sensor inputs from each of the sensors 1 - 6 are 
provided to the controller. These inputs include absolute pump suction pressure (ref. numeral 
1), absolute pxunp discharge pressure (ref. numeral 2), differential pressure AP (ref numeral 
3), pump speed n (ref. humeral 4), pumpage temperature Tp (ref. numeral 5) and motor power 
(ref. numeral 6). Note that pump suction pressure, pump discharge pressure, and the differential 
pressure are typically measured in feet HjO, while the pump speed is in RPMs. Fluid 
temperature is preferably measured in degrees Fahrenheit, while the units associated with motor 
power are generally kilowatts (kjv). Note further that the differential pressure for flow might be 
direct G.P.M. measured from a flow meter, while pump speed may be from either the controller 
or via direct measurement. In similar fashion, motor power may also be from the controller or 
via direct sensor measurement. An additional input 7 such as a customer adjustable parameter or 
set point may also be input into the controller 10 via a user interface (see Figure 3 A) as the 
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parameter which operates to trigger a correction factor or an alann in response to one of the 
sensed operating conditions. Additional auxiliajy sensor inputs 8 may also be utilized by the 
controller such as additional pressure gauges for measuring barometric pressure. Note also that 
each of the sensors are conventional sensor elements such as transducers positioned on or within 
the pumping system in a well-known manner that act to translate each sensed operating condition 
into a corresponding electronic signal for input to the controller. 

Figure 3 A illustrates a block diagram of the controller software capabilities. As shown 
in Figure 3A, the controller includes a plurality of software programs 17 which execute 
algorithms and perform calculations associated with the monitoring of motor, pump and system 
parameters and for controlling, identifying and reporting on these parameters. The sensor input 
data from the pump is input to microprocessor 12 and received by a setup program 16 which 
performs initialization, timing control, scaling of the input data, and receipt and storage via 
memory 14 of parameter values. As also shown in Figure 3A the controller 10 includes a user 
interface portion 29 for receiving parameter data directly from a user, such as customer 
adjustable set points for trigger conditions, manual override for inputting a desired pump speed, 
or the site specific data (see Figure 3C) and/or pump data (see Figure 3B) required for the 
calculations performed by the software appUcations programs of module 17 and which are stored 
in memory 14. The setup program 16 initiates each of the subprograms in module 17, as will be 
explained in further detail below. The software associated with program 16 is operative to 
retrieve and display via the user interface 29 pump system parameters, inputted parameters as 
well as the sensor input and output conditions and calculated values resulting from the 
algorithmic execution in program module 17. The program also includes code which compares 
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the user entered setting information/parameters with threshold values stored in memory so as to 
avoid illegal operation settings. As one can ascertain, the software module 1 7 has program code 
to perform a number of calculations for determining the pump operating condition, and based on 
the calculated operating condition, and based on the calculated operating condition in 
5 comparison with preset threshold values, the controller will send a control signal 15 to the pump 
motor 30 to either reduce or increase the motor speed. The control signal may have a variety of 
amplitude values and/or pulse widths indicative of the relative degree of increase or decrease of 
the motor speed relative to its present speed. Software programs 1 7 may also send a control 
signal 19 to an alarm indicator 23 to indicate any failure or abnormality in the system which 

10 inhibits operation of the pump. The alarm control signal may also have varying amplitude 

values and/or pulse widths corresponding to the relative degree of severity of the alami condition 
and/or the relative amount by which the sensed operating parameter exceeds the upper or lower 
limits of the permissible operating conditions. Storage area 14 comprises storage media for 
storing site specific data required for software program execution and calculation and includes 

15 maximum pump speed, vapor pressure v. temperature, specific gravity v. temperature, capacity 
set point, and pressure set point and stability factor (cf). Such site specific data requirements for 
controller calculations are shown in Figure 3C. As shown in Figure 3B, pump data required for 
the controller calculations are stored in storage area 1^, such as a database, and include pump 
discharge diameter, pump suction diameter, suction gauge height to suction CL, net gauge height 

20 difference, minimum continuous capacity, minimum allowable capacity, TDH„cw v. capacity at 
different speeds, and NPSHR v. capacity at different speeds. 

Figure 3D shows a more detailed block diagram of the controller software capabilities of 

9 
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program module 17 (Figure 3 A) which generally comprise the following software modules: 
capacity/flow determination module 171, TDH performance logic module 173, NPSH logic 175, 
wire-to-water efficiency module 177, capacity flow control logic 1 79, pressure control logic 
181, low flow logic 183, and variable speed control module 185. The processing associated with 
5 each of these modules will be described below. In the preferred embodiment, each of these 

algorithmic processes are executed at a frequency of 1 0 times per second in order to sufficiently 
monitor and correct for any abnormalities. As can be seen from Figure 3D, each of the modules 
utilize in general, both the sensor data and stored parameter data (stored in memory 14) obtained 
from prior calculations to determine the pump operating conditions. The modules output control 

10 signals to activate either performance alarm 22 and/or to adjust the motor speed of motor 30. 

Figure 4A shows a block diagram of the capacity determination module of the controller 
which receives as input the sensor inputs AP, Tp, and n in order to calculate the capacity of the 
pump system utilizing the technique disclosed in Patent 5, 129,264. Note also that the capacity 
Q can be obtained directly from a flow meter, as well as utilizing the above-mentioned 

15 technique. 

Figure 4B represents a flow diagram for obtaining the flow calculation associated with 
flow determination software module 171. Referring to Figure 4B, pumpage temperature Tp and 
pump speed n sensor data is received and the specific gravity ( SpGR) be selected from the 
parameter data in the data base comprising water specific gravity versus temperature, as shown in 
20 Figure 10. The software then operates to select from the parameter data illustrated in Figure 12 
of pirnip A pressure versus flow at different speeds, the speed value in the data base having a 
value closest to the sensed pump speed from sensor 4. There exists in the data base 14 tabulated 

10 
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values of flow in GPM as a function of A ft. of pressure. The differential pressure (AP) input via 
sensor 3 is then used to determine and select the tabulated flow having a value of A ft. pressure 
closest to the sensor input AP value. 

Referring to Figure 5 A, there is depicted a flow diagram of the pump total dynamic head 
5 (TDH) logic portion 173 of the controller 10 which operates to detemiine the total dynamic head 
and piraip performance. As shovra in Figure 5 A, data values associated with pumpage fluid 
specific gravity are stored in tables (or as equations) in memory 14, as well as the pump data (see 
Figure 3B). Such a table is illustrated in Figure 10. The TDH logic controller also processes 
table data associated with pumpage fluid vapor pressure (Figure 1 1) and A pressure v. flow for 
10 up to six speeds as shown in Figure 12. The flow diagram of Figure 5 A illustrates the following 
steps of determining the pump total dynamic head and comparing the calculated value with a 
threshold value. If the actual pump TDH at a given flow is below a preset value (e.g. 85-95% of 
the table value) then a control signal is output to activate a perfomiance alarm. The TDH 
determination steps are as follows: 

15 

Pump Totai Dynamic Head (TDH) Determination 

a. Determine the Net Velocity Coefficient of this pump. 

Cv=2.5939* 10^-3 * (1/Dd^4-1/Ds'^4) 
20 Where Ds is pump discharge pipe diameter in inches. 

Dd is pump suction pipe diameter in inches. » 
Dd and Ds parameters are input data. 

b. Determine Net Velocity Head of this pump 

Ahv = Cv*Q^2 

25 Where Cv is Net Velocity Coefficient of this pump 

Q is pimip flow in GPM from the flow calculation or directly 
from a Flow meter. 

c. Determine TDH 

TDH = (Pd-Ps)/SG + AZ + Ahv 

11 
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Where Pd is the pump discharge pressure (absolute) in fl, 
Ps is the pump suction pressure (absolute) in ft. 
AZ is net gage height difference input parameter data between Pd & 
Ps gages in ft. 

5 Ahv is the Net Velocity Head 

and SP GR is pumpage specific gravity. 

The pump performance comparison is then performed utilizing the actual pump speed, the flow 

value and the determined TDH value. The pump performance comparison method is identified 

10 below as follows: 

Pump Performance Comparison 

d. The actual pump speed in flow and calculated TDH are known. 

e. Select the pump performance data fi*om the table of Fig. 13 having a speed closest 
15 to the actual pump speed. 

f. Correct the actual pimip flow and TDH to table speed using the affinity laws: 
(Q1/Q2) = (N1/N2) 

(TDH1/TDH2) = (Nl/N2)^2 

g. Using speed corrected pump flow and TDH values compare them to data values 
20 from the data base table in Fig. 13. 

h. If actual pump TDH at given flow is less than 85% to 95% (customer adjustable 
set parameter) of table value, then activate pump performance alarm. 

Referring now to Figxire 5B, a flow diagram of the net positive suction head (NPSH) 

25 logic controller portion 175 is illustrated. As shown in Figure 5B, inputs to the NPSH module 

comprise Q capacity, vapor pressure (Pv), specific gravity, pump suction pressure, pumpage 

temperature and fluid temperature. The net positive suction head available (NPSHa) is then 

determined as follows: » 

Net Positive Suction Head Available (NPSHa): 

30 a. Actual pumpage temperature is known (Tp) 

b. Obtain the Vapor pressure (Pv) of pumpage from the stored parameter data in the 
data base as shown in Fig. 1 1 . 

c. Determine Suction velocity head 

hvs = (2.5939 * l(r-3)/Ds'^4 * Q^2 where 

12 
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Ds is pump suction pipe diameter input value in inches, 
d. Detemiine NPSHa 

NPSHa = (Ps + Pv)/SG + AZs + hvs 
where 

Ps is pump suction pressure absolute in ft. 
Pv is pumpage vapor pressure in ft. 

SP GR is pumpage specific gravity determined from flow module 171. 
AZs is the difference in suction gage height to pump suction input data in 
ft. 

hvs is suction velocity head in ft, determined fi-om step c. 
A comparison of the NPSHa versus NPSHr stored in the data base 14 (see Figure 14) is 
then made. If the NPSHa is less than the NPSHr, the program outputs a control signal to alarm 
and/or reduce the pump speed to prevent the pump fi-om continuing to operate in a cavitating 
condition. The following steps depict the NPSHa v. NPSHr comparison steps. 
NPSHa vs NPSHr Comparison 

a. Pump speed, flow and NPSHa are known. 

b. Retrieve the parameter data firom the data base table firom Figure 14 
corresponding to the closest speed data, 

c. Correct the flow and NPSHa values using affinity laws to table speed. 

d. At the corrected flow, use data base table of Figure 14 to obtain NPSHr. 

e. If NPSHr > NPSHa for table speed then activate alarm via control signal; and 
f output control signal to reduce speed by (NPSHa/NPSHr)^2 factor. 

Note that as described in the NPSH logic portion of the controller, the calculated results are 

compared to the tabulated pump performance and NPSHr values, such that in the preferred 

embodiment, if performance is less than 95% (user selectable), then an alarm is activated. If the 

NPSHr of the pump is greater than the NPSHa of the system, alarm 23 is activated. 

The controller 10 also includes a software program module 177 which performs a wire to 

water efficiency analysis. As shown in the flow diagram of Figure 9, the steps associated with 

this wire to water efficiency of the pumping system is as follows: 



13 
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Determine wire to water efficiency: 

a. Calculate water horsepower generated 
WHP = (Q * TDH * SG)/3960 

5 where Q is pump flow in GPM from module 1 7 1 

TDH is pump head in ft. from module 173 
SP GR is pumpage specific gravity 

b. Calculate electrical horsepower used. 
EHP = KW/.746 

10 where KW is kilowatt input in kilowatts (kw). 

c. Calculate wire to water efficiency of pumping system 
^iww = WHP/EHP. 

Figure 6 illustrates capacity logic portion 179 of the controller 10. As illustrated in 
15 Figure 6, the processing for flow control comprises setting the capacity (Q set), determining 

whether the capacity is within a desired range by comparing the actual capacity Qact to the Qset 
value, and adjusting the speed by a factor 

Nnew = (Qact/Qset) *n* CF where 

CF is stability factor set by customer (typically .1 to 1.0). CF is \ised to prevent 
20 overcorrecting and instability in the control of the pump flow and speed as shown in Figure 6, 
the output control signal operates to either increase of decrease motor speed to the pump motor. 

Figure 7 illustrates a process variable control for pressure determination module 1 8 1 
associated with the controller 10. As shown in Figure 7, the steps associated with this variable 
control comprises: 



25 



Process variable control for pressure: 



a. Comparing Pdact (actual Pd) to the Pdset. (Pump Discharge Pressure) 

b. Adjusting speed by a factor Nnew = (Pdact/Pdset)'^.5 * n * CF where 

c. CF is a stability factor set by customer (typically . 1 to 1 .0) 

30 CF is used to prevent overcorrecting and instability in the control of the prunp 

14 
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pressure and speed. 

As shown in figure 7, the output control signal of module 181 operates to either increase 
or decrease the pump motor speed. 

Figure 8 illustrates a flow diagram of the low flow logic module 183 portion of the 

5 controller 10 which compares the operating pump flow to the pump's calculated minimum 

continuous flow. If the actual flow rate is below the minimum continuous flow, an alarm is 

activated. The operating pump flow is also compared to the pump's calculated minimum 

allowable flow, such that if the actual flow rate is below the minimum allowable flow, the 

software program operates to provide a control signal to activate an alarm and/or reduce pump 

10 speed to prevent the pump from continuing to operate below the minimum allowable flow. The 

following steps depict each of the above-identified conditions. 

Below mmimum continuous flow: 

a. Input minimum continuous flow (mcf) of the pump at the maximum (max) speed 
in gpm into database memory. 
15 b. The mcf at any speed is (Nl/Nmax) * mcfinax. 

c. If the Qact is < mcf for a given speed, generate alarm signal to notify customer 
that flow is below the minimum continuous flow level. 

Below minimum allowable flow: 

20 

a. Input allowable flow (af) of the pump at the maximum (max) speed in gpm into 
database* 

b. The af at any speed is (Nl/Nmax) * afinax. 

» c. If the Qact is < af for a given speed, output control signal to alarm customer that 
25 flow is below the minimvun allowable flow level. 

d. If Qact is < af output control signal to reduce speed of pump to a minimum (ie 
1000 rpm) to eliminate damage to the pump. 

e. User interface resumes control once the cause of the below allowable flow 
condition has been eliminated. 

30 

The variable speed control module 185 operates as depicted in the flow diagram of Figure 
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15. As shown in Figure 15, the desired punip speed is selected and input to the module via user 
interface 29. The selected pump speed input to module 185 via a user is stored in the data base 
14 and a control signal is output from the controller to set the desired speed of motor 30. 

As one can ascertain, the controller operates to notify and correct pump operating 
parameters including pump flow, pump performance, pump pressure and speed in order to 
effectively control and maintain the pump in an efficient and active state. 

It will be understood that the embodiments described herein are exemplary, and that a 
person skilled in the art may make many variations and modifications without departing from the 
spirit and scope of the invention. For example, while there has been shown a single pump 
performance alarm monitor, it is to be understood that each of the software application modules 
may provide a separate control signal which may be directed to a separate respective alarm 
monitor includmg an LED or a buzzer which would alert the technician to the precise overflow 
or overload condition. Such a set of alarm monitors respectively coupled to the software 
modules is iUustrated in FIG. 16. The alarm monitors may be connected to a separate 
computing system or computer network which may operate to alert an individual at a location 
remote from the location of the pump. The appUcation program code associated with the 
software modules 16 and 17 may be written in a variety of higher level languages such as basic, 
C, or other high level languages and operates in combination with conventional operating 
systems in a well known fashion so as to properly communicate with the pump sensors, pump 
motor, and any peripheral devices. Moreover, as previously discussed, the controller may be 
housed within a VFD for receiving pump sensor data and outputting control signals to adjust the 
pump motor speed, or may be external to a VFD and located within an interface module and 
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connected to the VFD, such that all input data is sent to the controller via the VFD and a control 
signal to adjust motor speed is output from the controller to the VFD for adjusting the speed of 
the electronic pump motor. All such modifications are intended to be included within the scope 
of the invention as defined in the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A controller for controlling operating parameters associated with fluid flow, speed or 
pressure for a centrifugal pump for pumping fluid, wherein at least one sensor is coupled to said 
5 pump for generating a signal indicative of a sensed operating condition, said controller 
comprising: 

a storage device for storing data indicative of an at least one operating condition; and 
a processor in communication with said sensor and operative to perfonn an algorithm 
utilizing said at least one sensor signal and said stored data indicative of said at least one 
10 operating condition to generate a control signal; 

wherein said control signal is indicative of a correction factor to be applied to said pump. 



2. The controller according to claim 1 , wherein said correction factor is an increase or 
reduction in pump motor speed. 

3. The controller according to claim 1, wherein said control signal is output to an alam 
monitor for indicating an alarm condition within said pump. 



15 



4. The controller according to claim 1 . wherein said processor performing said algorithm 
20 generates a first control signal indicative of a speed correction factor to be applied to said pump 
to adjust motor speed, and a second control signal indicaUve of an alarm condition for output to 
an alarm monitor for alerting to said sensed operating condition, 
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5. The controller according to claim 1, wherein said storage device comprises a data base, 
and wherein said stored data comprises physical pump data and site specific data for input to said 
algorithm. 

6. The controller according to claim 5, wherein said at least one sensor comprises a suction 
pressure sensor P,, a discharge pressure sensor Pd, a differential pressure sensor AP, and a pump 
speed sensor n, each said sensor generating a corresponding signal indicative of the sensed 
operating condition, 

7. The controller according to claim 6, wherein said algorithm comprises: 

a) deteraiining the fluid flow; 

b) determining pump total dynanaic head (TDH); 

c) comparing said total djmamic head value with said stored data wherein said control 
signal is output to an alarm monitor indicating an alarm condition when said determined total 
dynamic head at said determined flow is less than a preset value associated with said stored data 
value. 

8. The controller according to claim 7, wherein said algorithm further comprises: 

d) determining net positive suction head available (NPSHa) and 

e) comparing with a stored value in the data base corresponding to a threshold value 
NPSHr based on said pump speed and fluid flow, 

wherein said control signal is output to an alarm monitor and indicative of an alarm condition 
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when said NPSHr exceeds said NPSHa. 

9. The controller according to claim 8, wherein a second control signal is output by said 
processor for reducing motor speed of said pump by a predetermined amount when NPSHr 
5 exceeds NPSHa. 

The controller according to claim 9, wherein said algorithm further comprises: 

f) calculating a minimimi continuous pump flow and comparing with the determined fluid 

wherein a third control signal is output to said alarm monitor indicative of an alarm 
condition when the determined fluid flow is less than calculated minimum continuous 
flow. 

The controller according to claim 10, wherein said algorithm further comprises: 

g) calculating a minimum allowable pump flow and comparing with the determined fluid 

wherein a fourth control signal is output to said alarm monitor indicative of an alarm 
condition when the determined fluid flow is less than the calculated minimum allowable 
flow. 

The controller according to claim 1 1, wherein a fifth control signal is output from said 
processor for reducing pump speed when said determined fluid flow is less than said minimum 
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allowable flow. 

13. A method for automatically controlling operating parameters associated with a 
centrifugal pump according to an algorithm for pumping fluid to a discharge outlet, comprising: 

storing in memory data values corresponding to predetermined operating conditions; 
obtaining sensor measurements indicative of current operating conditions; 
utilizing said sensor measurements and said stored data values to determine calculated 
data values corresponding to the current pump operating conditions- 
comparing said calculated data values with said stored data values and generating a 
control signal indicative of a correction factor to be applied to said pump when said calculated 
data values differ from said stored data values by a predetermined amount. 

14. The method according to claim 13, wherein said sensor measiu-ements include sensor 
data associated with pimip suction pressure (Pd), discharge pressure (Ps), differential pressure 
(AP), pump speed (n), and fluid temperature (Tp) 

15. The method according to claim 14, wherein said calculated data values comprise fluid 
flow value, pump total dynanwc head (TDH), and net positive suction head available (NPSHa). 

16. The method according to claim 15, wherein said stored data values comprise pump data 
and site specific data for determining said calculated data values. 
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17. The method according to claim 16, wherein said pump data comprises pump discharge 
diameter, suction diameter, suction gage height to suction CL difference (Azs), net gage height 
difference (AZ). 

5 18. The method according to claim 17, wherein said pump data further includes minimum 
continuous capacity (MCFMAX), minimum allowable capacity(AFMAX), TDH as a function of 
capacity at a pltirality of motor speeds, and NPSHr as a function of capacity at a plurality of 
motor speeds. 

10 19. The method according to claim 17, wherein said site specific data includes maximum 
motor speed (nmax), vapor pressure as a function of temperature (pv), specific gravity as a 
function of temperature (SPGR), capacity set point (Qset), pressure set point (Pdset), and 
stability factor (cf). 

15 20. A method of controlling the flow, speed, pressure, or performance of a pumping system 
comprising the steps of: 

storing predetermined data values associated with particular flow, speed, pressure 
or performance values; » 

measming environmental parameter data associated with the pump; 
20 associating subsets of said predetermined stored data values with the measured 

environmental parameters to obtain calculated data values corresponding to at least one of said 
flow, speed, performance, or pressure values; and 
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comparing said calculated data values with a corresponding threshold value and 
generating a control output signal in response thereto when the difference exceeds a preset value. 

21. The method according to claim 20, wherein the control signal is indicative of an alarm 
5 condition. 

22. The method according to claim 20, wherein the control signal is indicative of a 
correction factor to be applied to one of said measured environmental parameters. 

10 23. The method according to claim 20, wherein said stored predetermined data values 

include vapor pressure as a function of temperature, specific gravity as a function of temperature, 
and pump performance as a function of motor speed. 

24. The method according to claim 23, wherein said stored predetermined data values fiirther 
15 include differential pressure and flow as a function of motor speed and net positive suction head 

as a function of motor speed. 

25. The method according to claim 24, wherein said environmental parameters include pump 
suction pressure, pump discharge pressure, pimip speed, and pump differential pressure. 

20 

26. The method according to claim 25, wherein said environmental parameter data further 
include purnpage temperature, motor power, and user set points. 
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27. The method according to claim 20, wherein the step of storing predetermined data values 
comprises the step of storing pumpage fluid specific gravity, fluid vapor pressure, differential 
pressure and flow as a function of motor speed, pump performance parameters as a function of 
motor speed, and NPSH parameters as a function of motor speed. 



28. The method according to claim 27, wherein the steps of obtaining calculated data values 
and comparing said calculated data values with a threshold value further comprises: 
detennining a fluid flow; 

calculating a total dynamic head (TDH) value associated with said pump using 
10 said determined fluid flow; 

selecting from said stored predetermined data values those data values having a 
speed closest to measured motor speed environmental parameter data; 

correcting actual pump flow and said TDH values using said stored predetermined 
data values associated with pump speed to obtain coirected pump flow and TDH values; 

comparing said corrected pump flow and TDH values to said threshold values; 

and 

generating a control signal to activate an alarm in response thereto when the 
difference is greater than said preset value. » 

20 29. The method according to claim 28, wherein the steps of obtaining calculated data values 
and comparing said calculated data values with a threshold value further comprises: 
detennining net Positive Suction Head Available data value (NPSHa); 
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comparing said NPSHa with predetermined data values corresponding to a stored 
value of NPSH; and 

generating a second control signal to activate an alarm when the stored value of 
NPSH is greater than said NPSHa value. 

30. The method according to claim 29, wherein the steps of obtaining calculated data values 
and comparing said calculated data values with a threshold value further comprises: 
generating a third control signal to reduce motor speed by a predetermined 
amount when the stored value of NPSH is greater than said NPSHa value. 



31. The method according to claim 29, wherein the steps of obtaining calculated data values 
and comparing said calculated data values with a threshold value ftirther comprises: 
calculating a minimum continuous pump flow and comparing with the determined fluid 

flow; and 

15 generating a third control signal to activate an alarm when the determined fluid flow is 

less than the calculated minimum continuous flow. 

32- The controller according to claim 30, wherein the steps of obtaining calculated data 
values and comparing said calculated data values with a threshold value further comprises: 
20 calculating a minimimni allowable ptmip flow and comparing with the determined fluid 

flow; and 

generating a fourth control signal to activate an alarm when the determined fluid flow is 
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less than the calculated minimum allowable flow. 



33. The controller according to claim 28, wherein the steps of obtaining calculated data 
values and comparing said calculated data values with a threshold value further comprises: 

5 comparing the determined fluid flow Q with a threshold value Qset corresponding to a 

user settabie fluid flow; and 

generating a control signal to adjust motor speed by a factor of (Q/Qset)*n*CF where n is 
the measured motor speed environmental parameter data and CF represents a user settabie 
value. 

10 

34. The controller according to claim 33, wherein the steps of obtaining calculated data 
values and comparing said calculated data values with a threshold value further 
comprises: 

comparing the determined pump discharge pressure Pd with a threshold value Pdset 
15 corresponding to a predetermined stored discharge pressure data value; and 

generating a control signal to adjust motor speed by a factor of (Pd/Pdset)^.5*n*CF, 
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AMENDED CLAIMS 

[received by the Internationa! Bureau on 07 June 2000 (07.06.00); 
original claims 4, 14 and 22 cancelled: original claims 1, 13 and 20 amended;' other claims 

unchanged (4 pages)] 

1 . A controller for controlling operating parameters associated with fluid flow, speed or 
pressure for a centrifugal pump for pumping fluid, wherein at least one sensor is coupled to 
said pump for generating a signal indicative of a sensed operating condition, said controller 
comprising: 

a storage device for storing data indicative of an at least one operating condition; and 
a processor in communication with said sensor and operative to perform an algorithm 
utilizing said at least one sensor signal and said stored data indicative of said at least one 
operating condition to generate a control signal; 

wherein said control signal is indicative of a correction factor to be applied to said 
pump and said processor performing said algorithm generates a first control signal indicative 
of a speed correction factor to be applied to said pump to adjust motor speed, and a second 
control signal indicative of an alarm condition for output to an alarm monitor for alerting to 
said sensed operating condition. 

2. The controller according to claim 1, wherein said correction factor is an increase or 
reduction in pump motor speed. 

3. The controller according to claim 1, wherein said control signal is output to an alarm 
monitor for indicating an alarm condition within said pump. 
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allowable flow. 

13. A method for automatically controlling operating parameters associated with a 
centrifugal pump according to an algorithm for pumping fluid to a discharge outlet, 
comprising: 

storing in memory data values corresponding to predetermined operating conditions; 

obtaining sensor measurements indicative of current operating condition, said sensor 
measurements including sensor data associated with pump suction pressure (Pd), discharge 
pressure (Ps), differential pressure (AP), pump speed (n), and fluid temperature (Tp); 

utilizing said sensor measurements and said stored data values to determine calculated 
data values corresponding to the current pump operating conditions; 

comparing said calculated data values with said stored data values and generating a 
control signal indicative of a correction factor to be applied to said pump when said 
calculated data values differ from said stored data values by a predetermined amount. 

15. The method according to claim 14, wherein said calculated data values comprises 
fluid flow value, pump total dynamic head (TDH), and net positive suction head available 
(NPSHa). 

16. The method according to claim 15, wherein said stored data values comprise pump 
data and site specific data for determining said calculated data values. 
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17. The method according to claim 16, wherein said pump data comprises pump 
discharge diameter, suction diameter, suction gage height to suction CL difference (Azs), net 
gage height difference (AZ). 

18. The method according to claim 1 7, wherein said pump data further includes minimum 
continuous capacity (MCFMAX), minimum allowable capacity (AFMAX), TDH as a 
function of capacity at a plurality of motor speeds, and NPSHr as a function of capacity at a 
plurality of motor speeds. 

19. The method according to claim 17, wherein said site specific data includes maximum 
motor speed (nmax), vapor pressiu-e as a function of temperature (pv), specific gravity as a 
function of temperature (SPGR), capacity set point (Qset), pressure set point (Pdset), and 
stability factor (cf). 

20. A method of controlling the flow, speed, pressure, or performance of a pimiping 
system comprising the steps of: 

storing predetermined data values associated with particular flow, speed, pressure or 
performance values; 

measuring environmental parameter data associated with the pump; 

associating subsets of said predetermined stored data values with the measured 
environmental parameters to obtain calculated data values corresponding to at least one of 
said flow speed, performance, or pressure values; and 

comparing said calculated data values with a corresponding threshold value and 
generating a control output signal in response thereto when the difference exceeds a preset 
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value, the control signal being indicative of a correction factor to be applied to one of said 
measured environmental parameters. 

21. The method according to claim 20, wherein the control signal is indicative of an alarm 
condition. 

23. The method according to claim 20, v/herein said stored predetermined data values 
mclude vapor pressure as a function of temperature, specific gravity as a function of 
temperature, and pump performance as a function of motor speed. 

24. The method according to claim 23, wherein said stored predetermined data values 
further include differential pressure and flow as a function of motor speed and net positive 
suction head as a function of motor speed. 

25. The method according to claim 24, wherein said environmental parameters include 
pump suction pressure, pump discharge pressure, pump speed, and pump differential 
pressure. 

26. The method according to claim 25, wherein said environmental parameter data further 
include pumpage temperature, motor power, and user set points. 
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